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Abstract
The neurological severity of a spinal cord injury (SCI) is commonly classified according to the
American Spinal Injury Association (ASIA) Impairment Scale (AIS). The aim of this study was to
assess the course of the AIS following a SCI, and to discern the nature of any changes in the
classification that occur. Assessments were performed in a European cohort of SCI patients within two
weeks and at one, three, six and twelve months after the initial injury. Overall, about 70% of the patients
initially diagnosed as AIS A did not convert, as did 90% of the AIS D patients. When only evaluating
patients with complete datasets, 68% did not convert, while the AIS category improved in 30% of
patients and deteriorated in 2% of patients. A change in the last sacral segments (40%), motor
improvement (31%), sensory improvement (19%) and a change in the neurological level of the SCI
(10%) contributed to or accompanied the AIS conversion. When the AIS remained unchanged between
successive assessment points, there was no change in the number of muscles graded three or more
(NMG3+) in 73% of the transitions. An improvement in AIS was associated with a gain in NMG3+ in
49% of the transitions, while an aggravation in AIS was accompanied by a loss in NMG3+ in 10% of
the transitions. These results, documenting a substantial amount of spontaneous AIS conversions, should
be taken into consideration when designing clinical trials to assess the effects of potential new
treatments for SCI.
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Abstract 
The neurological severity of a spinal cord injury (SCI) is commonly classified 
according to the American Spinal Injury Association (ASIA) Impairment Scale (AIS). 
The aim of this study was to assess the course of the AIS following a SCI, and to 
discern the nature of any changes in the classification that occur. Assessments were 
performed in a European cohort of SCI patients within two weeks and at one, three, 
six and twelve months after the initial injury. Overall, about 70% of the patients 
initially diagnosed as AIS A did not convert, as did 90% of the AIS D patients. When 
only evaluating patients with complete datasets, 68% did not convert, while the AIS 
category improved in 30% of patients and deteriorated in 2% of patients. A change in 
the last sacral segments (40%), motor improvement (31%), sensory improvement 
(19%) and a change in the neurological level of the SCI (10%) contributed to or 
accompanied the AIS conversion. When the AIS remained unchanged between 
successive assessment points, there was no change in the number of muscles 
graded three or more (NMG3+) in 73% of the transitions. An improvement in AIS was 
associated with a gain in NMG3+ in 49% of the transitions, while an aggravation in 
AIS was accompanied by a loss in NMG3+ in 10% of the transitions. These results, 
documenting a substantial amount of spontaneous AIS conversions, should be taken 
into consideration when designing clinical trials to assess the effects of potential new 
treatments for SCI. 
 
Page 2 of 32
Jo
ur
na
l o
f N
eu
ro
tra
um
a
Co
nv
er
sio
n 
in
 A
SI
A
 Im
pa
irm
en
t S
ca
le
 d
ur
in
g 
th
e 
fir
st 
ye
ar
 a
fte
r t
ra
um
at
ic
 sp
in
al
 c
or
d 
in
jur
y (
do
i: 1
0.1
08
9/n
eu
.20
08
-07
60
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
  3 
Introduction 
Recently, there has been considerable progress in the field of spinal cord repair and 
regeneration. Several therapeutical approaches significantly improved function in 
animals (Bradbury et al., 2002; Buchli et al., 2007; Buchli and Schwab, 2005; 
Schwab, 2002; Wong et al., 2006; Zhang et al., 2007), a fact that also bears great 
potential in human spinal cord injury (SCI). In order to elaborately plan and 
objectively assess the effectiveness of such novel interventional therapies in human 
clinical trails, a precise knowledge of the spontaneous course (spontaneous meaning 
with only traditional, but no regenerative, treatments) of several valid and reliable 
assessment parameters is indispensable (Curt et al., 2004; Fawcett et al., 2007; 
Spiess et al., 2008). 
Neurological function in the field of human SCI is generally assessed by the 
“International Standards for Neurological and Functional Classification of Spinal Cord 
Injury” according to the American Spinal Injury Association (ASIA) (Curt et al., 2004; 
Lim and Tow, 2007; Marino et al., 2003; Marino et al., 1999). This tool assesses 
motor function (motor score) and sensory function (pin prick and light touch). It 
determines the neurological level of injury (NLI), being the most caudal segment with 
normal function, and assigns a classification as a measure of severity according to 
the ASIA impairment scale (AIS). AIS A is assigned to people with no motor or 
sensory function in the segments S4/S5 (sacral sparing definition), so called motor 
and sensory complete injuries. AIS B signifies that there is some sensory but no 
motor function preserved in the sacral segments, while AIS C and D patients have 
preserved motor function below the neurological level of injury as well as either motor 
or sensory sacral sparing. AIS E patients have normal sensory and motor function. 
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For a detailed description of the standards, please consult the “International 
Standards for Neurological Classification of Spinal Cord Injury, revised 2002” (ASIA, 
2002). 
The AIS was designed to describe severity of injury and it allows an early prognosis 
of functional outcome (e.g.(Consortium for Spinal Cord Medicine, 1999; Dobkin et al., 
2006)). In this paper, the term conversion is not limited to a change in AIS from 
complete to incomplete (such as for example in (Kirshblum et al., 2004)), but also to 
any other change between AIS categories (e.g.(Steeves et al., 2007)). The sacral 
sparing definition was introduced to the AIS after Waters et al. (Waters et al., 1991) 
proposed its superiority in predicting outcome. However, the AIS now depends more 
strongly on those sacral segments and thus might less reflect the neurological 
severity of the SCI. To our knowledge, no study has so far investigated the nature of 
a conversion in AIS after a SCI. It is therefore possible that many conversions are 
solely due to a change in sacral sparing and that its suitability as an outcome 
measure might have suffered by introducing the sacral sparing definition. Still, there 
are clinical trials that use the AIS as either a primary or secondary outcome measure 
(see www.clinicaltrial.gov). 
 
Several investigations into the changes in AIS, or the formerly used Frankel or 
Benzel scale, have been performed previously (Bedbrook and Sakae, 1982; Burns et 
al., 2003; Catz et al., 2002; Fawcett et al., 2007; Fisher et al., 2005; Frankel et al., 
1969; Geisler et al., 2001; Gerhart, 1991; Katoh and el Masry, 1994; Kirshblum et al., 
2004; Kirshblum and O'Connor, 1998; Lammertse et al., 2004; Marino et al., 1999; 
Maynard et al., 1979; Waters et al., 1993; Waters et al., 1992; Yilmaz et al., 2005). 
Most studies showed some ratio of conversion, with the exception of a cohort 
observed by Fisher et al. (Fisher et al., 2005) who controlled for the return of the 
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bulbocavernosus reflex. Some of the studies included large patient numbers ((Marino 
et al., 1999) (Kirshblum et al., 2004)), but follow up assessments were scheduled at 
fluctuating time points (typically admission and discharge from a facility), while one or 
two follow-up measurements were taken. However, in order to meaningfully schedule 
follow-up assessments in a large randomized controlled clinical trial, the exact time 
course of natural recovery needs to be known (Ditunno et al., 2005), which demands 
repeated follow-up assessments at predefined stages in relation to the date of injury 
(Maynard et al., 1979). 
Therefore, the aim of the present study was to assess the extent and timing of the 
natural course of neurological change, particularly of the AIS, within the first year 
after traumatic SCI. Data were derived from a multicenter cohort at five fixed time 
points after injury. In addition, the nature of the AIS conversion (i.e. change in motor 
and sensory segments and sacral sparing) were analyzed in an effort to determine 
whether an improvement in AIS truly reflects a change in the extent of the 
neurological impairment. 
 
Methods 
Database  
Data were gathered by the 18 participating SCI centers of the “European Multicenter 
Study on Human Spinal Cord Injury” (EM-SCI; www.emsci.org) between 2003 and 
2007 and entered into a central database at the leading center of Balgrist University 
Hospital, Zurich. This study was approved by the local ethics committee and was 
performed in accordance with the declaration of Helsinki. 
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Within the EM-SCI project, data are assessed prospectively after a SCI. As the rate 
of recovery diminishes as time elapses (Burns and Ditunno, 2001; Waters et al., 
1993; Waters et al., 1992), the SCI patients were assessed at the following five 
stages: stage 1 within the first 15 days post injury, stage 2 at one month (16-40 
days), stage 3 at three months (70-98 days), stage 4 at six months (150-186 days) 
and stage 5 at twelve months (300-400 days). Patients with reduced capabilities of 
cooperation or giving consent (e.g. dementia, psychological disorders and language 
barriers), peripheral nerve lesions above the level of injury or severe brain injuries 
were not included into the database. 
 
AIS classification 
The International Standards have been proven to be inter-rater reliable if raters were 
well trained and experienced (Cohen et al., 1998; Savic et al., 2007) and agreement 
is better in examination than in classification skills (Cohen et al., 1998). To ensure a 
high examination quality, the assessors are trained within the EM-SCI to standardize 
the examination techniques. Two annual 2-day trainings (one in German and one in 
English) are performed. Progress in classification skills is documented by pre-, and 
post-testing. Centers are strongly encouraged to participate and all data finally 
included in the analysis comes from centers with regularly attending assessors.  
Moreover, to ensure objective and reliable processing of the gathered data, the AIS 
classification is performed by a computer algorithm (Rupp et al., 2005). This 
algorithm was developed for the EM-SCI project by an interdisciplinary team 
(engineers and clinicians) of experienced ASIA raters and evaluated on 544 EM-SCI 
datasets. No difference was found between the computed AIS classification and the 
manually recalculated AIS, as determined by three raters. In addition, the original 
training cases from the Philadelphia ASIA workshops were recalculated by the 
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algorithm. Besides the case where the optionally tested hip adductor muscle (optional 
examinations are not part of the EM-SCI database) causes an AIS C rating, the 
algorithm proved to be 100% correct. 
The algorithm bears upon two strategies for handling missing values or not testable 
(NT) segments: (i) The logic approach checks whether missing values / NTs are 
relevant for calculating internal variables like sensory, motor, neurological levels, 
motor incompleteness, number of key muscles to count, etc. In case all needed 
internal variables are computable, the AIS is defined despite missing values or NTs in 
the segmental raw data. (ii) A brute force technique is used to substitute all possible 
examination values for missing values/NT. Concordant AIS results of all possible 
substitution combinations leads to a defined AIS, regardless of the missing 
segmental raw data. Failure of both approaches results in an undefined AIS grade 
which is noted as “NT” in the database. 
 
Subject selection and statistical analyses 
First, we performed a general analysis of AIS conversion. At time of analysis (August 
2007), the database contained data from 1205 SCI patients. We included those with 
a SCI of traumatic origin (N = 1108) and selected those that had an ASIA 
assessment within the first 15 days and a follow up at 6 or 12 months. We could 
include 354 (6 months) and 284 (12 months) SCI patients for these analyses. The 
number of conversions was calculated, as was the percentage of conversions that 
occurred within each AIS. 
In addition, a more specific analysis was performed to determine the time point and 
nature of the conversion. Due to the nature of these questions, the inclusion criteria 
were stricter: of the 1108 traumatic SCI subjects, we included those aged between 18 
and 65 years (N = 889), with complete assessments at all five time points (N = 152) 
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and with the NLI above thoracic 10 (T10; N = 90). NLI above T10 was chosen to 
exclude peripheral nerve damage. The exclusion of peripheral nerve damage was 
verified by conducting a preliminary analysis comparing AIS conversion from patients 
with tibial nerve compound muscle action potential (CMAP) amplitudes of less than 
1mV to those with amplitudes of more than 4mV. This analysis did not reveal 
significant differences. Therefore, complete datasets from 90 patients meeting 
inclusion criteria were available and included in the analysis.  
 
Chronological sequence 
The pattern of AIS evolution of each patient was determined and described. 
Differences in the composition of AIS in the respective stages were analyzed using 
generalized estimating equations. This method extends the generalized linear model 
to allow for analysis of repeated measurements or other correlated observations 
(Hanley et al., 2003; Seuchter et al., 2004). 
 
Nature of the AIS conversion 
To describe the passage from one stage to another, we introduced the term 
“transition”. Given the five stages assessed, there were 4 transitions per patient, 
which resulted in a total of 360 transitions. Patients usually exhibited a combination of 
slight to robust motor and sensory changes at different levels, which all contributed to 
or accompanied the AIS conversion. In order to characterize the importance of these 
individual changes, assessments of all converting transitions were hand searched. 
The main pattern of AIS conversion was either caused or accompanied by a change 
in the sacral segments, a change of the neurological level, or a consistent change in 
either sensory or motor function. We are aware that a change in the sacral segments 
is a prerequisite for a change from AIS A to AIS B or vice versa. However, we 
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attempted to differentiate between changes that occurred solely within the S4/S5 
sacral segments and changes that involved a more extensive segmental 
improvement and therefore to assess the relative importance of the sacral segments 
in these conversions. For example, if a conversion from AIS A to AIS B resulted only 
from changes in sacral sparing, this was considered the main reason for the 
conversion. However, if the change in sacral sparing was accompanied by large 
improvement in other segments above S4/S5, the main reason was considered to be 
a consistent sensory improvement. Similarly, if a change in neurological level was 
due to a change in a single segment some distance above the original neurological 
level (see Figure 2), the main pattern of conversion was considered a change in 
neurological level. If, on the other hand, there was a robust improvement of motor or 
sensory scores over several segments, the main pattern was considered either motor 
or sensory improvement. Differences in the nature of the different subgroups were 
analyzed using Fisher’s exact tests. 
 
Number of muscles graded equal to or greater than three  
A muscle grade of three on the motor scale indicates that a patient can perform the 
movement against gravity (ASIA, 2002). Therefore, the number of muscles graded 
equal to or greater than three (NMG3+) was determined as a measure of the degree 
of functional muscle strength. For each stage, the number of NMG3+ muscles gained 
or lost per transition was calculated. Data was presented separately for each 
conversion (e.g. A-A, A-B, A-C etc.). Differences in the change of NMG3+ in the 
different subgroups were analyzed using Fisher’s exact tests. 
All statistical analyses were performed with SPSS Versions 14.0.2 and 16.0.1 for 
Windows. 
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Results 
 
AIS conversions  
About 72% of the SCI subjects, who were classified within the first 15 days as AIS A, 
were still classified as AIS A at 6 months post injury (Table 1). While about 16% of 
the AIS A subjects converted to AIS B, only a few became motor incomplete. In 
contrast, only a quarter of the AIS B subjects remained AIS B and most of them 
converted to AIS C and D. Over 70% of the AIS C subjects converted to AIS D, while 
almost 90% of the AIS D did not convert. Similar conversion percentages were found 
when comparing the initial assessment with the 12 month assessment (Table 2). The 
most noticeable difference was the even higher percentage of AIS C subjects that 
converted to AIS D (Table 2).      
 
Timing and nature of the AIS conversion 
To determine the time point and nature of the conversion, 90 SCI subjects with 
assessments at all five time points were included in the analysis. The mean (± SD) 
age of these patients was 39.9 ±14.3 years. The body height amounted to 176.5 ± 
9.7 cm and most patients were male (78.9%) and tetraplegic (64.6%). The actual 
time point of assessment varied between 0 and 15 days for stage 1, with a mean of 
7.3 ± 4.5 days. For stage 2, 3 and 4, the time points were normally distributed and 
amounted to 29.4 ± 5.0 days (1 month), 85.4 ± 6.1 days (3 months) and 167.6 ± 10.1 
days (6 months). At 12 months after SCI, the distribution was slightly skewed with a 
mean of 352.3 ± 53.5 days. The subjects were rehabilitated in the following centers: 
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Bad-Wildungen, 2 subjects; Barcelona, 1; Bayreuth, 8; Bochum, 4; Halle, 6; 
Heidelberg, 24; Karlsbad-Langensteinbach, 11; Murnau, 18; Nijmegen, 10; Paris, 2; 
Ulm, 2 and Zurich, 2 subjects. 
 
Chronological sequence 
The generalized estimation equation model revealed that the composition of the 
groups differed between the several assessment stages (p < 0.001) (see Fig 1). 
Different patterns of AIS evolution could be observed (see Table 3).  
The overall proportion of patients who never converted throughout the 5 assessment 
stages was 62%. There was an improvement in 30% of patients from the first to the 
last assessment. This was by one AIS grade in 19% of patients, while 8% gained two 
AIS grades and 3% even gained three AIS grades. In 27% of patients the 
improvement was gradual (in one or several steps), while in 3% of patients the 
improvement from stage one to stage five was more complicated and there were 
even deteriorations in intermediate steps. The same improving and deteriorating 
intermediate steps were observed in 6% of all patients, but those patients ended up 
having the same AIS in their last assessment as in their first assessment. 
 
Within the first 15 days after SCI, most patients were classified as AIS A (62 patients; 
69%). Of all patients that were initially classified as AIS A, 74% remained AIS A while 
13% converted to AIS B, 6% to AIS C and 5% to AIS D. One patient initially 
improved, but ended up deteriorating again and thus was classified as AIS A at 12 
months post injury. 
Ten patients (11%) were initially classified as AIS B. 30% of this patient subgroup 
(three patients) remained AIS B (two of them converted in intermediate steps, but 
returned to AIS B in the last assessment) and 50% improved. 20% of all initial AIS B 
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patients deteriorated to AIS A between the first and second assessment and then 
remained AIS A until the last assessment. 
Nine patients (10%) were initially classified as AIS C. Of these patients, 22 % (2 
patients) remained AIS C (one of them was classified AIS B in intermediate stages), 
while 78% improved to AIS D. Finally, all of the 9 AIS D patients remained AIS D, 
even though one of them was classified as AIS C in one of the intermediate stages.  
 
Nature of the AIS conversion 
A total of 9 transitions changed from AIS A to AIS B where their change was solely 
due to a gain of sensation in the segments S4/S5, and / or restoration of anal 
sensation (see Table 4). In five other transitions, a noticeable improvement in other 
segments accompanied the change in the segments S4/S5. Conversions from AIS A 
to AIS C were in all cases due to a change in sacral sparing. At initial assessment, 
these patients exhibited motor function more than three levels below the motor level, 
which is part of the criteria for AIS C or D status; however, there was no sacral 
sparing. When a change in sacral sparing occurred in the following assessment, 
these patients converted directly from AIS A to AIS C. The same applied to one 
patient converting from AIS A to AIS D, while a second patient not only regained 
sensory function in the last, but in all sacral segments (S1-S4/S5).  
The transition from AIS B to C or D was mainly observed when sacral sparing (in this 
case voluntary anal contraction) changed or motor function improved. In one patient 
who converted from AIS B to D, the motor level changed to a higher level and as the 
segments above the former level were rated more than three, this subject could 
change from AIS B to D without a gain in muscle score. This case is illustrated in 
Figure 2. 
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Improvements from AIS C to D were mostly accompanied by improvements in 
segmental motor scores. In one case, the change was caused by a change in 
neurological level. Similar to the case illustrated in Figure 2, the motor level 
ascended, which resulted now in a change from AIS C to D without a gain in muscle 
score.  
Deteriorations in AIS were accompanied by changes in the lowest sacral segments in 
four cases, by a change of neurological levels in three cases and by a change in 
sensory scores not restricted to the last sacral segments in four cases. 
 
Number of muscles graded equal to or greater than three  
The distributions of gain or loss of NMG3+ (see Table 5) is significantly different 
between transitions with amelioration, deterioration or no conversion in AIS (Fisher’s 
Exact, p<0.001). In a post hoc test, the difference between non-conversions and 
ameliorating transitions remains highly significant (Fisher’s Exact, p<0.001), similar to 
the difference between non-conversions and deteriorations, which was also 
significant (Fisher’s Exact, p = 0.044). While non-conversions mostly neither gain nor 
loose NMG3+, there is a gain of 3 or more NMG3+ muscles in roughly a third of all 
improving transitions and a gain of 1 NMG3+ in more than a third of all deteriorating 
transitions. The gain or loss of NMG3+ also seems to depend on the initial AIS grade 
of each transition. AIS A patients seem to be more stable regarding their number of 
NMG3+ (83%) than all other groups (43-59%). While only 15% of all initial AIS A 
patients augmented their number of NMG3+, this was true for 37% of all AIS B, 52% 
of all AIS C and 47% of all AIS D patients. Post hoc tests showed that there was no 
significant difference in improvement in number of NMG3+ between the initial AIS B 
and D patients. For all other comparisons (AIS A versus B; AIS B versus C, etc.), 
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these differences were statistically significant (all Fisher’s Exact, p<0.036; see Table 
5). 
Lastly, while there was a stability in the NMG3+ in 73% of the non converting 
transitions, there was a gain in the NMG3+ in 49% of the ameliorating conversions 
and a loss in 10% of the deteriorating transitions. 
 
Discussion 
This study examined the natural course of the AIS over the first year after traumatic 
SCI. When estimating the number of SCI patients that should be included in a clinical 
trial, an important finding is that about 30% of the AIS A patients convert during the 
first year after SCI. Such a percentage has been reported previously (Geisler et al., 
1991). However, this percentage is about 10% (Fawcett et al., 2007; Gerhart, 1991) 
or even 20% higher than reported in other studies (Burns et al., 2003; Catz et al., 
2002; Fisher et al., 2005; Katoh and el Masry, 1994; Kirshblum et al., 2004; 
Kirshblum and O'Connor, 1998; Waters et al., 1993; Waters et al., 1992). The higher 
rate occurred despite the fact that patients with confounding factors described earlier 
(Burns et al., 2003) were not included into the database and might be explained by 
the various scales used (Frankel, Benzel, ASIA), the time of assessment (variable 
time points such as admission and discharge vs. fixed time points with regard to date 
of injury) and changes in medical care and rehabilitation during the last decades. This 
difference is important since it would influence a power calculation for a clinical trial 
considerably. Authors seem to agree on the relative stability of AIS A and D patients 
compared to B and C patients. While the relatively poor prognosis of AIS A patients 
can be explained by the lack of spontaneous recovery of the neurological 
impairment, the high percentage of AIS D patients that did not convert might be 
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explained by a ceiling effect of the AIS (Fawcett et al., 2007). Hence, it can be 
proposed that the stability in AIS A is more of a physiological nature, while the 
stability in AIS D patients is the result of the psychometric characteristics of the scale 
itself. 
 
In a more detailed analysis, we specifically analyzed the time point and the nature of 
the AIS conversion in a subset of patients. The characteristics of this smaller cohort 
were representative for the Western European traumatic SCI patients concerning the 
ratio between men and women, distribution of para- and tetraplegic patients and 
mean age (Albert and Ravaud, 2005; Dahlberg et al., 2005; Martins et al., 1998; van 
Asbeck et al., 2000; Wyndaele and Wyndaele, 2006). Compared to these European 
epidemiological studies, a higher percentage of completely injured patients was 
observed, which might have influenced the overall percentages of conversion, i.e. 
over all AIS categories grouped. The percentages of conversion within each category 
were in line with the reported percentages of the larger cohorts in this study. The 
relative high number of completely injured subjects in this analysis might have been 
caused by including only patients with complete assessments (five stages). We 
assume that more severely affected patients might have returned for follow-up 
measurements more dutifully than patients with less impairment. Alternatively, it 
should be mentioned that in some of the epidemiological studies, it remains unclear 
as to what definition has led to the term “complete” (van Asbeck et al., 2000). Any 
definition other than the one according to the International Standards would lead to 
different results. 
A methodological concern of the present study could be that the EM-SCI database at 
present contains little information about the early treatment (e.g. decompression). 
This could be a threat to the generalizability of our results. However, as the subjects 
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were treated in specialized clinics according to Western European standards, we 
consider the cohorts representative for the European SCI population regarding 
treatment. 
 
Chronological Sequence 
AIS conversion seems to be more common earlier in the assessment period as 48% 
of all patients who improved had their first change in AIS within the first month. 
However, the process appears to be ongoing throughout the whole assessment 
period with six patients (22% of all improving patients) converting in AIS for their first 
time between six and twelve months after injury. Conversion rates in earlier studies 
varied greatly depending on the subgroup of patients included in the analysis and the 
time points of the scheduled assessments (Fawcett et al., 2007; Fisher et al., 2005; 
Kirshblum et al., 2004; Marino et al., 1999; Yilmaz et al., 2005).  
 
Nature of the AIS conversion 
A change in the last sacral segments, improvement of motor scores, improvement of 
sensory scores or a change in the neurological level (in descending order) 
contributed to or accompanied the AIS conversion. Although the main reason for 
conversion was a change in sacral sparing, most AIS conversions were accompanied 
by a change in sensory and motor scores. However, the majority of the non-
converting transitions also showed a change in motor or sensory scores. It can 
therefore be concluded that a change in motor or sensory scores does not 
necessarily reflect a conversion in AIS status. 
The nature of the AIS conversion appears to be associated with the time of 
occurrence. Five of the six patients who only improved between 6 and 12 months 
from one AIS category to a higher one didn’t improve notably in either motor or 
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sensory scores. Rather, their conversion was due to a change in sacral sparing (i.e. 
from AIS A to B) and was in some cases accompanied by a deterioration in a sensory 
segment above the original neurological level, leading to an ascension in this level 
and a resulting “additional” conversion (i.e. from AIS A to C or D). Only one patient 
converting from AIS C to D exhibited continuous motor improvement that finally led to 
an AIS conversion between 6 and 12 months. 
This study was not designed with the intention to test inter-rater reliability of the ASIA 
assessment. However, the results might still cast some light on possible reliability 
problems. Table 4 very nicely illustrates the high dependency of the AIS on the sacral 
segments, as roughly half of all transitions were mainly due to a change in these 
lowest segments. Therefore, factors that influence the reliability of scoring sacral 
segments have a high impact on the final AIS classification. For example, an anal 
reflex or gluteal contraction could have been mistaken for a voluntary anal 
contraction (De Ocampo et al., 2007). Similarly, a sensory input transmitted by 
afferent fibers of the thoraco-lumbar spinal cord might be mistaken for an input 
transmitted by the rectal plexus during the assessment of the anal sensation (this 
could for example explain the observed conversions from AIS B to AIS A and back to 
AIS B). Indeed, the interrater reliability of the assessment skills was only proven to be 
high when comparing two highly experienced and well-trained raters who 
communicated regularly (Savic et al., 2007) and previous studies found poor 
interrater reliability, especially for the sacral segment testing (e.g. Johnsson et al., 
2000). Therefore, in large multi-center trails with several raters involved in the 
assessment of one patient over time, interrater reliability might still be a problem, 
even if regular trainings are performed. As a consequence, training needs to be 
intensified and the importance of correctly scoring the sacral segments should be 
particularly emphasized.  
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Number of muscles graded equal to or greater than three  
In the present study, most transitions in AIS were not accompanied by a change in 
NMG3+. While this can be expected in those who did not convert or who changed 
from AIS A to AIS B, it does not seem logical when patients convert from motor 
complete to motor incomplete. Furthermore, we found a reasonable number of non-
conversions and even deteriorating conversions that went along with a considerable 
gain in NMG3+.  
These findings stand partly in contrast to a previous study (Fisher et al., 2005), which 
found that in patients who were graded AIS A after the bulbocavernosus reflex had 
returned; there was no gain in motor scores afterwards. Burns et al (Burns et al., 
2003) identified a suitable subset of patients for clinical trials, in whom a negligible 
chance of motor recovery can be detected as early as 48 hours after the incident. 
Thereby, motor recovery was defined as a change in AIS from motor complete (AIS A 
or B) to motor incomplete (AIS C-E). However, a considerable amount of patients 
seem to gain (or loose) ASIA motor scores that are not reflected by an AIS change 
(Catz et al., 2002; Fisher et al., 2005; Geisler et al., 2001; Katoh and el Masry, 1994; 
Marino et al., 1999; Waters et al., 1992). The present study replicated these findings, 
but focused on the amount of functionally useful muscles. 
 
Conclusions 
In summary, this study confirms previous findings that there is a considerable amount 
of AIS conversion within the first year after SCI, especially for patients who are 
categorized as ASIA B or C. ASIA A subjects have a poor prognosis, while ASIA D 
subjects, probably due to a ceiling effect, most likely remain ASIA D. In addition, we 
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investigated the nature of AIS conversions. We found a high dependency of the AIS 
on the sacral segments and, consequently, a considerable amount of conversions 
that were solely due to changes in these regions. In this latter case, an AIS 
conversion might not reflect a change in severity of neurological deficit, but rather be 
an artifact of the assessment itself. The scoring of sacral segments is of uttermost 
importance for the ASIA classification and assessors should be well trained in 
assessing these particular items. In general, the number of functionally usable 
muscles remains stable in cases where there are no changes in AIS. However, this 
relationship is less clear for those cases in which the AIS ameliorates or deteriorates. 
Regardless of the nature of the AIS conversion, the fact that there is a certain ratio of 
conversion already in patients treated with standard therapies needs to be taken into 
consideration when assessing efficacy of new regeneration-inducing therapies. This 
conversion rate influences the planning of clinical trials, especially in the estimation of 
the number of patients to be included in the trial and in the evaluation of the 
treatment effect. 
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Table 1. AIS conversion between stage 1 (within 15 days) and 6 months 
 AIS A AIS B AIS C AIS D AIS E Total 
 N % N % N % N % N %  
AIS A 137 71.7 31 16.2 9 4.7 13 6.8 1 0.5 191 
AIS B 6 13.3 12 26.7 17 37.8 10 22.2 0 0 45 
AIS C 1 2.0 2 4.1 10 20.4 35 71.4 1 2.0 49 
AIS D 0 0 0 0 0 0 61 88.4 8 11.6 69 
AIS E 0 - 0 - 0 - 0 - 0 - 0 
Total 144  45  36  119  10  354 
Please note, the percentage was calculated by dividing the number of each cell by 
the sum of the rows indicating that for example 71.7% of the spinal cord injured (SCI) 
subjects who were initially categorized as AIS A (within two weeks after SCI), were 
categorized AIS A at 6 months after injury. Abbreviation: AIS, ASIA Impairment 
Scale. 
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Table 2. AIS conversion between stage 1 (within 15 days) and 12 months 
 AIS A AIS B AIS C AIS D AIS E Total 
 N % N % N % N % N %  
AIS A 97 69.8 24 17.3 8 5.8 10 7.2 0 0 139 
AIS B 4 10.0 9 22.5 14 35.0 13 32.5 0 0 40 
AIS C 2 4.3 0 0 5 10.9 39 84.8 0 0 46 
AIS D 0 0 1 1.7 0 0 53 89.8 5 8.5 59 
AIS E 0 - 0 - 0 - 0 - 0 - 0 
Total 103  34  27  115  5  284 
 
Please note, the percentage was calculated by dividing the number of each cell by 
the sum of the rows indicating that for example 69.8% of the spinal cord injured (SCI) 
subjects who were initially categorized as AIS A (within two weeks after SCI), were 
categorized AIS A at 12 months after injury. Abbreviation: AIS, ASIA Impairment 
Scale. 
 
Page 22 of 32
Jo
ur
na
l o
f N
eu
ro
tra
um
a
Co
nv
er
sio
n 
in
 A
SI
A
 Im
pa
irm
en
t S
ca
le
 d
ur
in
g 
th
e 
fir
st 
ye
ar
 a
fte
r t
ra
um
at
ic
 sp
in
al
 c
or
d 
in
jur
y (
do
i: 1
0.1
08
9/n
eu
.20
08
-07
60
)
Th
is 
ar
tic
le
 h
as
 b
ee
n 
pe
er
-re
vi
ew
ed
 a
nd
 a
cc
ep
te
d 
fo
r p
ub
lic
at
io
n,
 b
ut
 h
as
 y
et
 to
 u
nd
er
go
 c
op
ye
di
tin
g 
an
d 
pr
oo
f c
or
re
ct
io
n.
 T
he
 fi
na
l p
ub
lis
he
d 
ve
rs
io
n 
m
ay
 d
iff
er
 fr
om
 th
is 
pr
oo
f.
  23 
Table 3. Evolution in ASIA Impairment Scale 
 
 Non-conversion Improvement Alternation Deterioration 
Initial AIS Evolution Freq Evolution Freq Evolution Freq Evolution Freq 
Total 
A AAAAA 46 ABCCD 1 ABBAA 1   
   ABAAC 1     
   ABBCB 1     
   ABBBB 2     
   AABCC 1     
   AABBB 2     
   AAADD 1     
   AAABB 1     
   AAAAD 1     
   AAAAC 2     
   AAAAB 2     
Total AIS A  46  15  1   
62 
B BBBBB 1 BCDDD 2 BABBB 1 BAAAA 2 
   BCCCD 1 BABCB 1   
   BCCCC 2     
Total AIS B   1  5  2  2 
10 
C CCCCC 1 CBBBD 1 CBBCC 1   
   CDDDD 2     
   CCDDD 3     
   CCCCD 1     
Total AIS C   1  7  1   
9 
D DDDDD 8   DCDDD 1   
Total AIS D   8    1   
9 
Total  56 Total 27 Total 5 Total 2 90 
 
Legend: The five consecutive letters signify the ASIA Impairment Scale (AIS) in the 
five assessments in successive order. Abbreviations: Non conversion = no 
conversion at any transition; Improvement = the AIS in the final assessment is better 
than in the first one; Alternation = at least two transitions show a conversion, 
however, the AIS at the last assessment stage is equal to the AIS at the first 
assessment stage; deterioration = AIS at the last assessment stage is worse than 
AIS at the first assessment stage; freq = frequency 
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Table 4. Nature of the ASIA Impairment Scale conversion 
 
Conversion Changes contributing to or accompanying the AIS conversion 
 Sacral 
sparing 
Neurological 
level 
Sensory 
function 
Motor 
function 
Total 
A-B 9  5  14 
A-C 3    3 
A-D 1  1  2 
B-C 4   6 10 
B-D  1   1 
C-D  1  10 11 
B-A 2  4  6 
C-A      
C-B 2 2   4 
D-A      
D-B      
D-C  1   1 
Total 21 (40%) 5 (10%) 10 (19%) 16 (31%) 52 (100%) 
 
Numbers represent number of transitions with the according conversion.  
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Table 5. Number of muscles graded 3 and higher 
 
NMG3+ (all muscles) 
 
 
≤- 3 - 2 - 1 - + 1 + 2 ≥+ 3 Total 
AA 1 1 3 178 16 9 6 214 
BB - - 1 13 5 3 - 22 
CC - 1 - 9 2 1 8 21 
N
o
n
-
Co
n
v
er
s
io
n
s 
DD 1 - 1 25 8 11 5 51 
Total 2 2 5 225 31 24 19 308 
AB - - 3 7 3 1 - 14 
AC - - - 3 - - - 3 
AD - - - 1 - - 1 2 
BC - - 1 6 2 - 1 10 
BD - - - - 1 - - 1 
Co
n
v
er
si
o
n
s 
Im
pr
o
v
in
g 
CD - - - - - - 11 11 
Total - - 4 17 6 1 13 41 
BA - - 1 3 2 - - 6 
CB - - - 2 1 - 1 4 
CA - - - - - - - - 
DC - - - - 1 - - 1 
DB - - - - - - - - 
Co
n
v
er
si
o
n
s
 
D
e
te
rio
ra
tin
g 
 
DA - - - - - - - - 
Total - - 1 5 4 - 1 11 
Total 2 2 10 247 41 25 33 360 
 
Legend: NMG3+: number of muscles graded 3 or greater on the AISA motor scale; - 
∃3: three or more muscles lost in the corresponding transition; -2: two muscles lost in 
the corresponding transition; 0: no muscles gained in the corresponding transition; + 
1: one muscle gained in the corresponding transition; the two letters symbolize the 
first and second AIS grading of a certain transition. 
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Figure legends 
 
Figure 1. Distribution of AIS grades throughout the first year 
Distribution of American Spinal Injury Association Impairment Scales (AIS) at 2 
weeks and 1, 3, 6 and 12 months after the traumatic spinal cord injury. Please note 
that 100% represents 90 patients.  
 
 
Figure 2. Individual example 
Example of a spinal cord injured patient who converted from AIS B (6 months post 
injury) to AIS D at 12 months. At both time points, the patient had no anal contraction, 
but anal sensation. The pin prick level ascended from C8 to C3. According to ASIA 
definition, the motor level is assumed to be the same as the sensory level, at the 
levels where no motor function is assessed. As motor function was preserved more 
than three levels below the level of lesion, the patient became motor incomplete, and 
as half of the muscles were graded 3 or higher, this subjects changed from AIS B to 
D without a gain in muscle score. In our opinion, this reflects rather a problem 
concerning the AISA definition or assessor skills than “true” neurological recovery.   
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Figure 1. Distribution of AIS grades throughout the first year 
Distribution of American Spinal Injury Association Impairment Scales (AIS) at 2 weeks and 1, 3, 6 
and 12 months after the traumatic spinal cord injury. Please note that 100% represents 90 patients. 
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Figure 2. Individual example 
Example of a spinal cord injured patient who converted from AIS B (6 months post injury) to AIS D 
at 12 months. At both time points, the patient had no anal contraction, but anal sensation. The pin 
prick level ascended from C8 to C3. According to ASIA definition, the motor level is assumed to be 
the same as the sensory level, at the levels where no motor function is assessed. As motor function 
was preserved more than three levels below the level of lesion, the patient became motor 
incomplete, and as half of the muscles were graded 3 or higher, this subjects changed from AIS B 
to D without a gain in muscle score. In our opinion, this reflects rather a problem concerning the 
AISA definition or assessor skills than "true" neurological recovery.   
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